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Abstract 
State of the art Engineering Education is crucial for Research and Innovation according to the European Union’s growth strategy. This paper 
contributes with more knowledge of how Universities and Industry can facilitate collaborative learning environments and create efficient 
working methods. A group of students accepted the challenge from an industrial company to examine robotic assembly of their products. The 
students built a robot cell prototype in the company’s design department, to promote knowledge about design for robot manufacturing. The 
setting of this learning environment enabled knowledge creation with significant learning outcomes for the university, the Industrial Company 
and other partners. The project motivated the teachers to collaborate across Faculties at the University, and gave new insight in formulation of 
objectives for this type of projects. 
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1.Introduction  
Europe 2020 [1], the European growth strategy and the 
Horizon 2020 [2], the European framework for research and 
innovation, highlight demand for turning research into 
innovations. In order to achieve the ambitious objectives, 
emphasis is placed on increasing the innovation that comes 
out of cooperation between education, research and 
business organizations. Universities are challenged to take a 
leading role in building effective links between research, 
education and innovation, the dimensions in the Knowledge 
Triangle (KT) [3] . The European Society for Engineering 
Education (SEFI) [4] and International Association for 
Contributing Engineering Education (IACEE) [5] have put 
much effort into investigating how research, education and 
innovation can create this Knowledge Triangle together [3].  
One of the key success factors in the Knowledge 
Triangle is “orchestration” of collaborative platforms and 
operations within the many interfaces of university-industry 
collaboration [3]. It means that there is a need for an 
efficient structure for collaboration including facilitating 
work procedures, coordinating the processes and supporting 
the all stakeholders’ interests in order to achieve productive 
outcomes.  
Another key factor is the need for a serious cultural 
transformation of universities organizations [6]. In order to 
meet the Europe 2020 targets, the paradigm shift from 
individual to open innovation must be effected 
immediately. For universities, it means the massive 
transition from working in traditional silo structures to 
collaborative working organizations.  
 A third key factor is the claim that there are differences 
between universities and industrial companies when it 
comes to setting the projects’ goals and the ways in which 
the projects are carried out in Small and Medium Sized 
Enterprises [6]. The academic culture focus publication of 
scientific papers and reports, and but the industrial 
organization strives for business results. 
This research work aims to contribute more knowledge 
regarding the three key factors mention above, more 
precisely:  
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a) Collaborative Learning Environment and efficient 
working methods 
b) Cultural transformation of university organization 
c) Project goal settings and project execution 
 
This research work elaborates these scientific issues 
through a case study of a collaborative project between the 
Norwegian University of Science and Technology in 
Aalesund (NTNU Aalesund) and an Industrial Company. 
The project lasted for five months and delivered significant 
learning outcomes for the university, the students, the 
company and the regional industrial network. The project 
had several original aspects that contributed to its success 
and therefore the case deserves to be presented to a wider 
audience. Firstly, students were not only involved in the 
collaborative project; they were assigned the leading role of 
the project, with lecturers acting as supervisors. The student 
group and lecturers represented different engineering 
departments, providing a variety of competences that 
helped to inform into project. During the project’s progress, 
students initiated involvement with external companies that 
had a required specific competence. This contributed to the 
growth of the network and strengthened the regional 
innovation ecosystem.  
The unique setup of the learning environment – 
undertaking the student project in the company’s premises – 
fostered knowledge creation processes that provided 
significant learning outcomes for the university, the 
Industrial Company and Suppliers involved in the project. 
To understand why undertaking a student project in an 
industrial environment was so effective, the article studies 
the knowledge creation processes in this case from the 
Japanese perspective of a knowledge creation model.  
2.Nonaka’s et al. knowledge creation model  
There are two kinds of knowledge: tacit and explicit. 
Explicit knowledge is defined as theoretical knowledge that 
is formulated in documents such as manuals and drawings. 
Tacit knowledge can be understood as practical knowledge. 
This kind of knowledge is linked to an individual’s 
experiences such as working routines, bodily movements, 
values and emotions [7]. Tacit knowledge can be hard to 
formalize and to communicate to others, but when it is 
actualized, it becomes explicit [8]. Operators, for instance, 
can formalize their tacit knowledge through operational 
instructions by making what they know explicit. Utilizing 
the tacit knowledge of employees is an important and 
demanding task in a knowledge-creating company. The 
challenge lies in enabling tacit knowledge. Therefore 
Nonaka et al. [9] have proposed the necessity of an enabling 
context known as ‘ba’, meaning ‘place’ in Japanese. ‘Ba’ 
supports the knowledge creation processes, because 
knowledge needs a context or place in which to be created. 
The enabling context, ‘ba’, is a “knowledge space” that can 
be physical, virtual, and mental or even a combination of 
some or all of them. The essence of ‘ba’ is interaction. 
Through interaction between individuals or individuals and 
their environment, knowledge can be generated. [8]. A 
typical ‘ba’ or knowledge context is any kind of meeting 
where individuals can share their experiences, emotions and 
mental models.  
Based on their studies of Japanese industry, Nonaka et 
al. found that organizations create knowledge through the 
four models of knowledge transformation that are mainly 
based on interactions between tacit and explicit knowledge: 
Socialization, Externalization, Combination and 
Internalization. A combination of these four models is 
called the SECI processes. Knowledge transformation 
should be thought of in a circular manner because it is 
targeted at enhancing the knowledge-creating potential of 
the organization. The Nonaka’s model of the SECI 
processes is illustrated in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The SECI processes [9] 
The core of each of the four models is as follows: 
• Socialization - is the process of acquiring new tacit 
knowledge through shared experience or conversations. It 
can be experience gained while working or living together 
in the same environment. For instance, apprentices learn 
tacit knowledge by working alongside experienced workers 
[9]. Socialization also means sharing thoughts, ideas, and 
experiences through communication. For instance, 
salespeople can develop a new perspective on their products 
by interviewing the customers. Socialization is an inevitable 
platform in creating mutual understanding and trust 
between people that makes the exchange of tacit knowledge 
effective. 
• Externalization – is the process of making tacit 
knowledge explicit. This typically involves face-to-face 
interaction when people exchange their visions and work 
out a common mental model. Concept development is a 
characteristic of externalization. 
• Combination – is the process of converting explicit 
knowledge into combinations of explicit knowledge. 
Explicit knowledge is collected from formalized internal 
and external sources and then it is put together in a new 
context. One example of this is the integration of data about 
examination grades in different faculties into one statistical 
report for a university. Another is collecting information 
from media, technical data and experts to build up the 
material needed to make a prototype. 
• Internalization – is the process of turning explicit 
knowledge into tacit knowledge. The internalization of 
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knowledge can be seen during the process of building a 
prototype - a “learning by doing” process - when explicit 
knowledge combined in the prototype can be verified and 
tested. By reflecting upon the knowledge acquired while 
building and/or observing a prototype, people enrich their 
knowledge base on an individual level, thus explicit 
knowledge is transferred into tacit knowledge. [9]  
Product development and manufacturing are 
combinations of theoretical and practical knowledge; 
therefore, it is important to be aware of their nature and the 
context that enables knowledge creation - ‘ba’. Based on 
this, the present case is described according to the SECI 
model. 
3.Knowledge creation processes in the student project 
3.1.The project’s objective  
The furniture company proposed a task for students at 
the university to explore the possibilities for robotic 
assembly of their consumer products. This industrial 
company had been outsourcing all their manufacturing 
processes for eight years. However, now the time had come 
for them to reconsider this manufacturing strategy. One 
possible direction was to change over to their own robotic 
manufacturing. Robotic assembly is key to low costs and 
high quality. Key questions were:  
• How to design a product that will be assembled by a 
robot?  
• What type of robotic equipment is needed?  
• How cost efficient would be robotic manufacturing? 
• Could the quality of the product be improved? 
The project aimed to create new knowledge inside the 
company; the designers should learn more about how 
robotic manufacturing works, including grippers, jigs, 
sensors and programming, as well as how to design 
products for this kind of manufacturing. Additionally, the 
product designers had comprehensive tacit knowledge 
about product design, which was important to externalize 
and utilize in the design of the robotic assembly cell.  
 
3.2.Project development: main steps 
This project can be broken down into three main steps: 
concept exploration, building of the robot cell and final 
handover - a workshop where the functional robot cell can 
be demonstrated. It is common for projects to start with the 
creation of concepts. In this case, the contracting company 
already had a ready concept for applying a robot in product 
assembly, but the project team needed to investigate this 
concept.  
Each project step is characterized by a variety of 
knowledge processes. An overview of the knowledge 
creation processes taking place during the project can be 
seen in Table 1.  
Table 1. Overview of knowledge creation processes throughout the project 
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3.3.Concept exploration 
The university presented the task to two engineering 
Faculties: Product and System Design and Automation 
Technology. Students who were interested in the project 
were responsible for finding teammates to form an 
interdisciplinary team. Three students, two from 
Automation Technology and one from Product and System 
Design, formed a team. Four lecturers with industrial 
backgrounds and three designers from the industrial 
company were appointed to support the student team.  
The first project meeting took place at the university. At 
this meeting, designers from the company shared their tacit 
knowledge about products and components, while students 
and teachers explained the technologies that could be used 
in this case. After some discussion, the group decided to 
select the assembly of a wheel, which had a level of 
complexity that was appropriate for the project. The team 
also agreed that building a small-scale robot cell as a 
physical prototype would provide results that were more 
convincing and therefore was preferable to a computer 
simulation.  
So far, the exchange of tacit knowledge (Socialization) 
and explicit knowledge, and creating a common mental 
model (Externalization) characterize this step of the project. 
These processes are presented as numbers (1) and (2) in 
Table 1. 
For proper evaluation of the concept, students asked for 
advice from external experts in robotic technology. They 
also investigated literature and the media to find relevant 
information and examples from different industries. They 
studied technical documentation concerning the technology 
that would be used in the robot cell prototype. In this way, 
explicit knowledge collected from different sources was 
combined in the model of the robot cell prototype 
(Combination). This corresponds to number (3) in Table 1.  
3.4.Building the robot cell 
The strategic decision was made at the very beginning of 
the project to build the entire robot cell prototype in the 
design department of the company rather than at the 
university.   
The students built a small-scale robot cell in the design 
department of the company where 40 designers were 
working. The cell was placed in the middle of the open 
office space, right next to the coffee machine. Everyone at 
the company could follow the day-to-day progress of the 
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students’ work. It became customary for employees to 
engage in small talk with the students when they went for 
coffee. These dialogues were essential for the tacit 
knowledge exchange and the creative processes necessary 
for driving the problem solving processes. It also created 
ownership and enthusiasm within the whole organization. 
The students accessed tacit knowledge about the customers’ 
demands, product design attributes, how to use the 
industrial company’s lab equipment such as 3D printers and 
other machinery in the workshop. 
While building a prototype, the students asked for advice 
from both their university lecturers and people from 
external companies with expertise in the technologies 
related to the project. The need for knowledge grew as the 
project progressed. The robot cell was updated continuously 
and it required new knowledge input both from those 
already involved as well as from the others. For instance, at 
one point the decision was made to integrate the vision 
system that was supposed to ensure the quality of the final 
product. For that, students asked for help from a company 
with competence in vision systems.  
Building the robot cell prototype included many tests of 
each component and of the entire robot cell. Every test was 
accompanied by workshops; sometimes planned according 
to milestones in the project plan, sometimes spontaneously 
arranged when students had achieved some interesting 
small improvements and were excited to share them with 
company’s employees. Reflection upon the robot cell “in 
action” enriched individual tacit knowledge of each 
participant (Internalization process (7) in Table 1). 
Discussion of the results of tests and sharing new 
experiences started a new cycle in the SECI knowledge 
creation process. In this way the sequence of Socialization, 
Externalization, Combination and Internalization processes 
(corresponding numbers (4), (5), (6), and (7) in Table 1) 
underwent many cycles during the building of the robot 
cell.  
These SECI processes ran not only in sequence: there 
were many SECI processes running in parallel because at 
any time internal or external stakeholders could provide the 
data that triggered another knowledge creation process.  
3.5.Project hand over 
The work cell was simply a robotic arm mounted on a 
wooden box, covered by sketches, 3D-printed prototypes 
and product parts. The robot cell is shown in Figure 2. 
The students made small changes to the wheel design. 
These changes did not have any impact on the functionality 
or the esthetic of the wheel, but made it more suitable for 
robotic assembly.  
The students were also charged with estimating the costs 
of development of the real robot cell as well as the costs of 
putting it into production. For this, they had help from the 
financial department of the company.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Robot cell prototype 
The final workshop demonstration of the functional 
robot cell was the handover of the project. Representatives 
from the university and different departments in the 
contracting company attended this workshop. 
Demonstration of the functioning robot cell was evidence 
that robotic manufacturing of the company’s product was 
feasible. The financial calculations made by students 
showed that investment in robotic assembly production 
would be profitable. Based on this acquired knowledge, the 
company concluded that robotic manufacturing was of great 
interest. It was “learning by doing”, which corresponds to 
the Internalization process (8) in Table 1. 
This experience inspired the furniture firm to initiate 
new projects, both internal and in cooperation with the 
university, to continue working on this strategy.  
4.Cooperation between industry and university: two-
way learning  
4.1.Learning outcome for the contracting company 
The student project greatly benefited from establishing 
the learning context in the working environment of an 
industrial company. Different approaches support 
cooperation between academia and industry. For instance, a 
known concept of Learning Factories has been integrated in 
some universities and has an objective of students applying 
their theoretical knowledge to engineering practice. 
Learning Factories focus mostly on students gaining some 
practical experience [10]. This is in contrast with the 
present case where learning was as essential for the students 
as for the industrial company. Most Learning Factories have 
focused on production processes, while cooperation 
between product development and production has not been 
emphasized. This is also typical for industry where product 
development and production departments work separately 
[11]. In this project, both students and the contracting 
company have learnt that product design and production are 
closely interrelated and cannot be treated separately. 
Understanding the essence of robotic manufacturing and 
what requirements it imposes on product design was an 
important lesson learned by the contracting company from 
the student project. 
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4.2.Learning outcome for the external industrial 
companies 
The external suppliers of appropriate technology have 
contributed to the project with their competence. This input 
of expert knowledge was very valuable for students and for 
the furniture company. In turn, these external actors have 
also learnt from the project. For instance, they became 
familiar with the new applications of their technology or 
discovered the need for developing new functionalities for 
their existing products. 
4.3.Learning outcome for the students and the university 
Executing the project in the working environment of the 
customer’s company has been beneficial hands-on 
experience for the students. Students worked with an 
important project of current interest to the company.  They 
had to engage in interdisciplinary work, deal with many 
stakeholders and handle the working dynamic of a real 
project. Students have learned not only how to design a 
robot assembly cell, but also the significance of holistic 
thinking in product development and production.  
Of course, teachers have also learnt a lot from this 
project, both about the technology and the management of 
collaborative projects with industry. 
4.4.Positive outcome for regional ecosystem 
More and more people were involved in each new spiral 
of the SECI knowledge creation processes. This included 
people from other company departments, for instance sales 
and finance, not only the designers. In addition, other 
external experts were involved in the project in accordance 
with the need for new expertise during the robot cell 
development. The initial project group was able to interface 
with an enlarged number of stakeholders, and an expanded 
dialogical space emerged. As a result, the knowledge 
creation dimension was extended, not only in the number of 
knowledge creation cycles, but also in the number of 
participants, both individuals and organizations. This 
outcome is significant for collaboration between academia 
and industry in general, not just for the one contracting 
company alone. Growing professional networks trigger new 
knowledge interplays between companies. The learning 
environment emerges as a bigger dimension that involves 
many companies with different competences and has a huge 
potential for innovative contributions to society. 
5.Facilitating the learning environment – the enabling 
context for knowledge creation 
Facilitating an appropriate environment is necessary to 
enable knowledge creation processes according to Nonaka’s 
model. [9] [8]   
The strategic decision to build the robot cell prototype in 
the design department of the furniture company was taken 
at the very beginning of the project. The intention was to 
secure a continuing socialization process with daily 
dialoguing, generating mutual understanding and trust, and 
the sharing of knowledge. As time showed, it was the right 
decision.  
All knowledge that students possessed themselves or 
acquired during the project from teachers or other external 
industrial experts was integrated into the robot cell and 
through this, distributed among the designers. At the same 
time, external companies and academia also learned from 
the project. Thus, the arranged learning environment – 
executing the entire student project in the furniture 
company - has enabled knowledge interplay between the 
university, the contracting company and the other industrial 
actors. Figure 3 represents the learning environment where 
arrows symbolise the knowledge exchange flows.  
 
Figure 3. Facilitating of learning environment in the student project 
6.Lessons learned from  the University – Industry 
Collaboration  
The first lessons learnt is how university- industry can 
create collaborative learning environment and efficient 
working methods.  In this case, the prototype was 
constructed in the design department, which was at the core 
of the company’s operations. Minimising the geographical 
proximity between students and an industrial company 
provided the opportunity for frequent dialogues and 
discussions, and reduced the risk of misunderstanding. It 
provided a continuous input of competence and learning to 
and from a project, giving a better and deeper level of 
learning. The students’ prototypes could be tested with fast 
feedback from the industrial company, and new prototypes 
could be produced within a short time. The physical 
prototypes served as a common language and supported 
daily interaction and a continuous knowledge exchange. It 
made accumulated knowledge accessible to every 
stakeholder in the project.  
      Real life projects brought quality and commitment to 
research, learning and working processes, as well as pulling 
out scientific and practical knowledge from a variety of 
sources when there was a vital need. The synergy of 
knowledges that occurred was powerful. It initiated the 
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significant growth of innovation at the level of regional 
and/or international ecosystems.  
      There were several advantages in building the learning 
environment in an industrial company’s location.      
Students had to think about interdisciplinary work, develop 
holistic thinking and they gained hands-on experience of 
product development, production and managing a real 
industrial project. Suppliers of the industrial company also 
contributed more actively with their knowledge and 
resources when it was a real life project.  
Assignment of roles is in collaborative projects can be 
crucial. This case has demonstrated that assigning to 
students the management role in a project creates conditions 
for a learner-centric approach rather than traditional 
universities’ teacher-centric approach. The “open for 
learning” students’ attitude naturally spilled over to the 
industrial companies making them more responsive to 
learning. Again, this is an advantage of placing the student 
project in the working environment of an industrial 
company. If the student project had been carried out at the 
university, then the project may had been treated more as a 
Bachelor thesis with the lecturers supervising the students. 
However, the establishment of mutual understanding and 
trust between a university and an industrial company is a 
key issue that must be properly addressed. This stimulates 
the sharing of knowledge, creativity, and synergy that leads 
to innovative ideas. 
 
The second lesson learnt is related to cultural changes in 
the university organizations [6]. The study gave new 
insights about organizational and culture changes at the 
university. This real life industrial project included a wide 
range of knowledge that required the participation of two 
Engineering Faculties.  Both students and supervisors were 
from different Engineering Faculties. A real life case and a 
willingness to meet the industrial partner’s requirements 
removed the barriers between the two Faculties. This 
illustrates that gathering all the university’s forces is 
important in order to fulfill the industrial company’s real-
case requests and can transform a traditional silo structure 
approach into cooperative work. 
 
The third lesson learnt is how co-work between industry 
and university impacts the setting of project goals. The 
differences in objectives of collaborative projects have been 
mentioned as drawbacks in earlier studies [6]. In this case, 
the project was targeted to meet first and foremost the 
requirements of the industrial partner. The attitude that 
industry must be treated as a customer seems to be crucial 
for collaborative projects. However, some obstacles were 
observed; time schedules and budgets can be quite different 
in universities and industry. Therefore, setting the 
objectives of collaborative projects is a challenge that 
researchers should work on further. 
Each project depends on the individuals involved. The 
students had the capability to work independently with 
some guidance from the university and the industrial 
company. If students had not had this capability, it might 
have been difficult, or even impossible to carry out this 
project in this way.    
Although this case has contributed ideas on working 
methods, there is more work to be done in finding new 
tools, activities, and methods that will support collaborative 
work between universities and industry. The sharing of 
research results in this field between universities also 
contributes to development of an international ecosystem. 
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